Damage to rat perirhinal cortex (PR) profoundly impairs fear conditioning to 22 kHz ultrasonic vocalizations (USVs), but has no effect on fear conditioning to continuous tones. The most obvious difference between these two sounds is that continuous tones have no internal temporal structure, whereas USVs consist of strings of discrete calls separated by temporal discontinuities. PR was hypothesized to support the fusion or integration of discontinuous auditory segments into unitary representations or ''auditory objects". This transform was suggested to be necessary for normal fear conditioning to occur. These ideas naturally assume that the effect of PR damage on auditory fear conditioning is not peculiar to 22 kHz USVs. The present study directly tested these ideas by using a different set of continuous and discontinuous auditory cues. Control and PR-damaged rats were fear conditioned to a 53 kHz USV, a 53 kHz continuous tone, or a 53 kHz discontinuous tone. The continuous and discontinuous tones matched the 53 kHz USV in terms of duration, loudness, and principle frequency. The on/off pattern of the discontinuous tone matched the pattern of the individual calls of the 53 kHz USV. The on/off pattern of the 50 kHz USV was very different from the patterns in the 22 kHz USVs that have been comparably examined. Rats with PR damage were profoundly impaired in fear conditioning to both discontinuous cues, but they were unimpaired in conditioning to the continuous cue. The implications of this temporal discontinuity effect are explored in terms of contemporary ideas about PR function.
Introduction
Perirhinal cortex (PR) plays an essential role in fear conditioning to some but not other stimuli. Several studies have shown that damage to rat PR profoundly impairs fear conditioning to contexts (Bucci, Phllips, & Burwell, 2000; Burwell, Bucci, Sanborn, & Jutras, 2004; Corodimas & LeDoux, 1995; Kholodar-Smith, Allen, & Brown,2008; Kholodar-Smith, Boguszewski, & Brown, 2008; Lindquist, Jarrard, & Brown, 2004) . PR damage also profoundly impairs fear conditioning to 22 kHz ultrasonic vocalizations (USVs) recorded from conspecifics ( Kholodar-Smith, Allen, et al., 2008; Lindquist et al., 2004) . Rodent USVs are believed to serve as ethologically-important social signals (Blanchard, Blanchard, Agullana, & Weiss, 1991; Borta, Wöhr, & Schwarting, 2006; Brudzynski, 2005; Brudzynski, 2007; Knutson, Burgdorf, & Panksepp, 2002; Litvin, Blanchard, & Blanchard, 2007; Panksepp, 2007) . Interestingly, PR damage has no detectable effect on fear conditioning to continuous tones at $22 kHz or at audible frequencies (Bucci et al., 2000; Campeau & Davis, 1995; KholodarSmith, Allen, et al., 2008; Lindquist et al., 2004; Romanski & LeDoux, 1992) .
One prominent hypothesis proposes that rat PR is required for fear conditioning to ''complex" stimuli (USVs and contexts) but not ''simple" ones (continuous tones; see Bucci, Saddoris, & Burwell, 2002; Bucci et al., 2000; Burwell et al., 2004; Lindquist et al., 2004; Yaniv, Desmedt, Jaffard, & Richter-Levin, 2004 ). Instead of focusing on the concept and measurement of stimulus complexity, a different approach has been attempting to deconstruct USVs into sub-features that might control the requirement for PR function (see Allen, Furtak, & Brown, 2007; Bang, Allen, Jones, Boguszewski, & Brown, 2008; Furtak, Allen, & Brown, 2007; Kholodar-Smith, Allen, et al.,2008; Kholodar-Smith, Boguszewski, et al., 2008) . Obvious candidates have included the principle frequency, which is centered near 22 kHz or 50 kHz, the characteristic frequency and amplitude modulations, and the frank temporal discontinuities.
The contributions of these sub-features were explored by measuring fear conditioning in PR-damaged rats and sham-operated control animals to one of three cues: a 19 kHz USV, which was pre-recorded from a conspecific; a 19 kHz continuous tone; and a 19 kHz discontinuous tone, whose on-off pattern mimicked the calls of the USV (Kholodar-Smith, Allen, et al., 2008) . By convention, this USV is classified as and termed a ''22 kHz USV". The discontinuous tone matched the USV in terms of principle frequency, loudness, overall duration, and on/off pattern. However, it lacked the frequency and amplitude modulations that characterize all USVs.
